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Objectives: Cognitive deficit is considered to be a characteristic feature of schizophrenia 
disorder. A similar cognitive dysfunction was demonstrated in animal models of 
schizophrenia. However, the poor comparability of methods used to assess cognition in 
animals and humans could be responsible for low predictive validity of current animal 
models. In order to assess spatial abilities in schizophrenia and compare our results with 
the data obtained in animal models, we designed a virtual analog of the Morris water maze 
(MWM), the virtual Four Goals Navigation (vFGN) task. 

Methods: Twenty-nine patients after the first psychotic episode with schizophrenia 
symptoms and a matched group of healthy volunteers performed the vFGN task. They 
were required to find and remember four hidden goal positions in an enclosed virtual 
arena. The task consisted of two parts. The Reference memory (RM) session with a stable 
goal position was designed to test spatial learning. The Delayed-matching-to-place (DMP) 
session presented a modified working memory protocol designed to test the ability to 
remember a sequence of three hidden goal positions. 

Results: Data obtained in the RM session show impaired spatial learning in schizophrenia 
patients compared to the healthy controls in pointing and navigation accuracy. The DMP 
session showed impaired spatial memory in schizophrenia during the recall of spatial 
sequence and a similar deficit in spatial bias in the probe trials. The pointing accuracy 
and the quadrant preference showed higher sensitivity toward the cognitive deficit than 
the navigation accuracy. Direct navigation to the goal was affected by sex and age of the 
tested subjects. The age affected spatial performance only in healthy controls. 

Conclusions: Despite some limitations of the study, our results correspond well with 
the previous studies in animal models of schizophrenia and support the decline of spatial 
cognition in schizophrenia, indicating the usefulness of the vFGN task in comparative 
research. 



Keywords: schizophrenia, spatial navigation, learning and memory, virtual reality environment, cognitive deficit, 
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INTRODUCTION 

The impairment of cognitive functions is considered to be a 
characteristic and permanent manifestation in patients with 
schizophrenia disorder (Andreasen, 1999; Elvevag and Goldberg, 
2000). The MATRICS (Measurement and Treatment Research 
to Improve Cognition in Schizophrenia) initiative identified 
seven crucial cognitive areas typically influenced in schizophre- 
nia: attention, psychomotor speed, working memory, logi- 
cal thinking, problem solving, social cognition, and verbal 
and visuo-spatial learning (Green et al., 2004). Although the 
extent of cognitive decline in schizophrenia has considerable 
inter-individual variability, it has been shown that the overall 
performance in neuropsychological tests is more than 1 SD lower 



in schizophrenia when compared to the healthy population (Keefe 
et al, 2005). This deficit is demonstrated in 82-84% of the 
patients (Reichenberg et al., 2009). 

Various "paper-and-pencU" or simple computer tests are tradi- 
tionally used to assess cognitive deficit in schizophrenia. However, 
these methods are not comparable with the behavioral tasks used 
in animal research and such limitation can be shown in a low 
predictive validity of the animal models of schizophrenia (Pratt 
et al, 2012). Considerable attention is therefore devoted to the 
assessment of visuo-spatial abilities in schizophrenia and in ani- 
mal models of this disorder, since spatial behavior and spatial 
memory can be measured using similar methods in various 
species. It was demonstrated that schizophrenia patients exhibit 
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FIGURE 1 I Morris water maze— the hidden platform paradigm - and its human analogs. (A) Scheme of the original MWM apparatus for rats. (B) 
Schematic view of the real human analog called Blue Velvet Arena (BVA). (C) Virtual analog of BVA (view of the virtual tent from the outside). 



impaired performance on all levels of spatial cognition, from the 
most basic level of mental rotations of letters and objects (de 
Vignemont et al., 2006) to more complex spatial navigation abil- 
ities (Weniger and Irle, 2008; Landgraf et al., 2010). Numerous 
studies demonstrated the deficit of the visuo-spatial working 
memory in schizophrenia (see review; Piskulic et al., 2007) using 
various tasks. These findings motivate the development of human 
analogs of animal spatial tasks for application in comparative 
clinical research. 

One of the most often used spatial tasks in animal research 
is the Morris water maze (MWM; Morris, 1981). This goal- 
directed task was originally developed for rats and requires them 
to learn and remember the position of a hidden platform located 
in a circular swimming pool in relation to distal visual cues 
(Figure lA). The MWM apparatus is used in several basic ver- 
sions (shortly described in Morris, 2008) or protocols (for further 
information see section Materials and Methods): (1) the ref- 
erence memory protocol, with the hidden platform placed in a 
stable position; (2) the reversal protocol, with a changing plat- 
form position; (3) the delayed-matching-to-place (DMP) protocol 
often referred to as the "working memory protocol" which uses 
variable inter-trial intervals and 4) the probe trial with the plat- 
form removed. Measurable impairment of visuo-spatial abilities 
in MWM has already been demonstrated in several animal models 
of schizophrenia (see review; Bubenikova-Valesova et al., 2008). 
Several animal studies including the work of our group confirmed 
that the rodent model of schizophrenia based on administration 
of MK-801 (dizocilpine, a non-competitive NMDA glutamate 
receptor antagonist) leads to decreased cognitive functioning in 
rats, resulting in compromised performance in all variants (refer- 
ence, reversal, and working memory protocol) of the MWM task 
(Stuchlik et al, 2004; Vales et al, 2006; van der Staay et al, 2011; 
Lobellovaetal, 2013). 

Several real space human MWM analogs have been devel- 
oped to test the human spatial navigation, mostly in dry circular 
arenas (Overman et al., 1996; Skolimowska et al., 2011). A real 
analog of the MWM has also been developed in our labora- 
tory as an apparatus named the "Blue Velvet Arena (BVA)" 
(Stepankova et al., 1999; Laczo et al., 2010; see Figure IB). The 
development of virtual environments ( VE) provided a significant 
methodological advance, allowing the detailed recording of the 



subject's behavior, along with easy handling and presentation of 
stimuli. Several virtual reality versions of the MWM have been 
designed using the reference memory protocol with a stable goal 
position (Bohbot et al, 1998; lacobs et al, 1998; Moffat and 
Resnick, 2002; Astur et al, 2004; Mueller et al, 2008; Goodrich- 
Hunsaker et al., 2009) or working memory paradigm (Rodriguez, 
2010). However, only the reference memory protocol has been 
applied to schizophrenia patients (Hanlon et al., 2006; FoUey 
et al, 2010). 

Thus, our aim was to extend the current comparative research 
by attempting to incorporate several MWM variants into a small 
test battery named the "virtual Four Goals Navigation" (vFGN) 
task. The vFGN task is completed in a virtual analog of the real 
BVA apparatus designed previously by our group (Stepankova 
et al, 1999; depicted in the Figure IC). The presented study 
describes the newly-developed vFGN task and presents first 
data obtained in a group of patients after the first episode of 
schizophrenia psychosis in comparison to a group of healthy 
volunteers, in order to express its sensitivity toward the present 
cognitive deficit. To minimize possible effects of sex, age and edu- 
cation level, both groups were carefully matched according to 
these variables. In order to assess the usefulness of the vFGN task 
in preclinical studies, we compare the data obtained in the vFGN 
task with the previously published animal studies. 

On the basis of animal and human literature, we hypothesized 
that the schizophrenia patients would perform worse compared 
to the healthy controls in the vFGN task in terms of: (1) impaired 
spatial learning during the Reference memory (RM) session; and 
(2) decreased working memory performance in the Delayed- 
matching-to-place (DMP) session. Since several studies described 
sex differences in spatial abilities of rodents (see meta-analysis 
by Jonasson, 2005) and humans (e.g., Astur et al., 1998, 2004), 
we hypothesized to find similar differences in our subjects as 
well. In addition, the effect of age variable was analyzed in order 
to understand how the age affects performance in the vFGN 
task and if this effect is the same in both groups. Moreover, 
the effect of several clinical parameters, such as the duration 
of untreated psychosis (DUP), general functioning (GAF score), 
clinical symptoms (PANSS scores) and antipsychotic medication 
[dose calculated in chlorpromazine (CPZ) equivalents], was eval- 
uated in the group of patients. 
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MATERIALS AND METHODS 
EXPERIMENTAL SUBJECTS 

Twenty-nine patients (17 males and 12 females) after the first 
psychotic episode with schizophrenia symptoms were recruited 
for the study. All patients have been diagnosed with schizophre- 
nia or related psychotic disorders according to ICD-10 cri- 
teria (Paranoid Schizophrenia F20.0: n = 3; Undifferentiated 
Schizophrenia F20.3: « = 1; Simplex Schizophrenia F20.6: n = 
1; Acute psychotic disorder: F23.0: n = 4; F23.1: n = 18; F23.2: 
n = 2). They were recruited in the early remission phase dur- 
ing their first psychiatric hospitalization (therefore considered to 
be first-episode psychotic patients with schizophrenia symptoms, 
FEP) with a variable duration of untreated psychosis (DUP, 6.4 
± 13 months). DUP defined as the duration of untreated but 
clearly presented psychotic symptoms, was obtained from the 



detailed interview with the patients and family members. All of 
the patients were tested prior to the end of their hospitalization. 
In order to cover the whole spectrum of the first episodes of 
schizophrenia, both early and late onset patients were recruited 
for the study (in the age between 18 and 35 years). 

The patients were individually matched to healthy volunteers 
(n = 29; see Table 1) in terms of sex, age (within 2 years dif- 
ference), education level and gaming experiences (both within 1 
level of difference). Healthy subjects were recruited from the same 
socio-demographic background via a local advertisement. To pro- 
vide sufficient homogeneity of the examined group, most of the 
recruited participants were regular users of computer devices with 
none or mild gaming experience. The inclusion criteria for both 
groups were: (1) no history of neurological disease or loss of con- 
sciousness longer than lOmin; and (2) native in Czech/Slovak 



Table 1 | Patients with schizophrenia were individually matched with healthy controls for sex, age (within 2 years), education level and 
gaming experience (both within one level of difference). 



Group mean (SD) Group differences 



Demographic variable 


Schizophrenia patients (SZ) 


Healthy Controls (HC) 


IVIann-Whitney U 


p-value 


N 


29 


29 






Sex (M: F) 


17: 12 


17: 12 






Age 


25.8±6.2 


25.7 ±5.4 


419.5 


0.994 


Education level (1-6) 


3.1 ±1.6 


3.7±1.2 


323 


0.131 


Gaming experience (0-2) 


1.1 ±0.7 


0.6±0.5 


258 


0.012 


Clinical assessment 


SZ 


HC 






PANSS score 


56 ±16 








PANSS-positive 


13.6±6 








PANSS-negative 


15±6 








PANS-general 


27 ±7.7 








GAP 


64 ±20.5 








Duration of illness 


12±20.8 








DUP 


6.4±13 








Hospitalization duration 


30±12 








Medication (CPZ equivalents) 


426 ±145 








Neurocognitive assessment 


Raw test scores— 


Mean (SD) 








SZ 


HC 


IVIann-Whitney U 


p-value 


TMT— A 


38±12.1 


26.5 ±8 


131.5 


0.0001 


TMT— e 


98 ±44 


50±11.5 


82 


0.0001 


RCFT— copy 


31.6±5 


35.7 ±0.9 


98.5 


0.0001 


RCFT— 3 min recall 


17.2±8 


26.2 ±5.5 


108.510 


0.0001 


RCFT— 30min recall 


17.7±7 


26±4.9 


4.5 


0.0001 


Digit Span WA\S-\\\)— forward 


9.3 ±3.7 


10±2.3 


254.5 


0.09 


Digit Span (WAIS-III)— backward 


5.3±2.1 


7.4±2.1 


137.5 


0.0001 


Spatial Span {\NMS-\\\)— forward 


8.5 ±1.8 


9±1.4 


281.5 


0.42 


Spatial Span {\NMS-]\\)— backward 


7.5±2.5 


9±1.4 


218.5 


0.046 



SZ, first episodes scliizophrenia patients; IHC, healthy controls; Education level: 7 = less than high school, 2 = started high school, 3 = completed high school, 4 = 
started university, 5 = completed university, 6 = started postgraduate studies; Gaming experience: 0 = none, 1 = mild, 2 = good; PANSS, Positive and Negative 
Symptoms Scale; GAP, Global of Assessment of Functioning; DUP duration of untreated psychosis; TMT, Trial Making Test; RCFT Rey-Osterheth Complex Figure. 
WMS-III, Wechsler Memory Scale III edition; WAIS-III, Wechsler adult intelligence scale III edition. 



Frontiers in Behavioral Neuroscience 



www.frontiersin.org 



May 2014 | Volume 8 | Article 157 | 3 



Fajnerova et al. 



Spatial navigation in sclnizophrenia — from animals to humans 





FIGURE 2 I Virtual version of the BVA apparatus from tfie inside— one 
trial procedure. (A-D) demonstrate individual phases of one trial using the 
first-person previews from the vFGN task. The short instructions used as a 
reminder for the participants were translated to English. (A) The starting 
position is presented as a red sphere. (B) Two visible orientation cues (from a 
set of three cues with various shapes and colors) and yellow cross in the 
middle of the screen used to point toward the hidden goal direction. (C) Goal 
position visualized after 60s trial time limit. (D) Movement blocked after the 



Pointing & Navigation 
accuracy 




poor performance 



entrance to the goal position enabling only rotational movement in 10 s 
memorizing. (E) Illustration of the two parameters measured in all trials 
(except the probe trial). Lateral axis present the interval of values gained in 
both parameters. The central pictures illustrate good and poor performance in 
the vFGN task. Trajectories (line of blue points) from the both tested groups 
are presented as an overview scheme of the spatial configuration in one 
hidden-goal trial. The red arrow illustrates the pointing error parameter. The 
trajectory length is transformed to the path efficiency parameter. 



language. The main exclusion criterion for the control subjects 
was personal history of any psychiatric disorder. AH tested sub- 
jects signed a written informed consent approved by the Ethics 
Committee. 

APPARATUS AND SOFTWARE 

The virtual scene was displayed on a 24" LCD monitor using 
the Unreal Tournament game engine (UT2004; Epic Games, 
2004). A Java software toolkit called "SpaNav" (Supalova, 2009) 
was programmed to configure an experimental setup and to 
record detailed experimental data for further analysis. A three- 
dimensional circular arena was designed as a virtual model of 
the BVA apparatus, an arena enclosed by a white curtain wall 
and with floor covered with a gray carpet (Stepankova et al., 
2003), with the utmost realism. Because the virtual environment 
enabled us to enlarge the size of the virtual arena, an arena 20 
times larger than the original BVA apparatus (2.8 m in diame- 
ter) was used. Three orientation cues were located in the arena 
near the circular wall. These objects were fully colored and had 
various rotational shapes. The goal location had a circular shape 
with a red border and occupied about 10% of the arena diame- 
ter (see Figure 2C). The tested subject moved through the virtual 
maze in a first person view. In order to facilitate movement in 
VE for participants without gaming experience, only one stick 
of the gamepad device (Logitech F310) was used, enabling only 
forward/backward movement and left/right rotation. 

CLINICAL AND NEUROPSYCHOLOGICAL ASSESSMENT 

All of the patients completed a psychiatric interview prior to 
the experiment in order to obtain information about their cur- 
rent symptoms using the Positive and Negative Symptoms Scale 
(PANSS; Kay et al, 1987) and the GAP (Global Assessment of 
Functioning) scale (Jones et al., 1995). Only stabilized patients 



who mainly scored 3 points or lower in their individual scores 
were recruited for the experiment. AH of the patients were treated 
by second generation antipsychotics (olanzapin, risperidon, and 
amisulpirid). The dose of antipsychotic medication was CPZ 
equivalents (according to Woods, 2003; Andreasen et al., 2010). 
For details on the clinical parameters see Table 1. 

Overall cognitive performance was measured in both patients 
and healthy controls with several neuropsychological tests com- 
patible with the MATRICS battery to assess psychomotor speed, 
mental flexibility, learning, and memory (see Table 1): Trial 
Making Test (A and B; Reitan and Wolfson, 1993 modified by 
Preiss, 1997); Rey-Osterrieth Complex Figure (Meyers and Meyers, 
1995); Digit span of the WAIS-III (Wechsler, 1997a); Spatial span 
(computer version adapted from the Corsi block test in the PEBL 
battery (PEBL, 2012) and modified according to Spatial span of 
the WMS-III (Wechsler, 1997b). 

PRE-TRAINING OF MOTOR CONTROL 

Prior to the task, all of the participants underwent a short (5 min 
long) pre-training of movement control using the gamepad appa- 
ratus (see time schedule in Figure 3). Afterwards, the participants 
performed a simple task in a complex virtual labyrinth maze with 
instructions to "follow the route highlighted by six objects (stars) 
on each crossroad and get to the end of the route as fast as pos- 
sible." After completing the pre-training, all of the tested subjects 
performed the vFGN task. 

THE VIRTUAL FOUR GOALS NAVIGATION (vFGN) TASK 

In each trial of the vFGN task the subjects were required to find 
a hidden circular goal placed on the arena floor using the direct 
trajectory to the goal. Each trial started by moving toward a 
pseudorandom starting position displayed as a red sphere near 
the arena wall (see Figure 2A). Then, three orientation cues were 
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RM session 
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FIGURE 3 I The virtual Four Goals Navigation (vFGN) tasl<. (A) upper panel 
presents the time schedule of the experiment. Spatial configurations with the 
goal positions used in individual sessions are presented on the left and the 
procedure of individual parts of the task on the right. (B) REFERENCE MEMORY 
session with a stable goal position over 11 trials. 11 , 1 st search trial; Block 
1-Block4, pairs of standard trials with repeated search for hidden goal; T6, probe 



trial with inactivated goal position; 11 1 , control trial testing navigation toward a 
visible goal. (C) DELAYED-MATCHING-TO-PLACE session with goal in three 
possible positions ordered in a spatial sequence (A.B.C). ACOUISITION phase, 
each goal position is repeated in 3 consecutive trials (9 trials in total); RECALL 
phase, two rounds of the spatial sequence ABC (6 trials in total); PROBE phase, 
one spatial sequence ABC with inactivated goal positions (3 trials). 



visualized in the arena. At this moment, the subject's movement 
was blocked at the starting position and only rotational move- 
ments were enabled. Apart from the first trial when the goal 
position was unknown, the subject was instructed to point toward 
the hidden goal position using the yellow cross in the middle of 
the screen (see Figure 2B) and then press the green button on the 
gamepad (in all standard, probe, and control trials) to activate 
his or her movement. Thereafter, the 60 s time limit for locating 
the hidden goal began. After entering the correct area, the goal 
became visible and a short beeping sound was played. If the goal 
was not found within the 60 s time limit, it became visible (see 
Figure 2C) and a short warning beep was played. The subject was 
then instructed to enter the visible goal position. Upon entering 
the goal area, the movement was blocked in the middle of the goal 
position and the participant had 10 s to remember the goal posi- 
tion for consecutive trials using only rotational movements (see 
Figure 2D). This "learning time" represented the analogy of an 
animal standing on a platform for several seconds after each trial. 

The vFGN task consisted of two parts: the RM and the DMP 
sessions; both administered successively in 1 day protocol (Time 
schedule in Figure 3). 

Part I — Reference memory (RM) session 

In the session completed at the beginning of the vFGN task, was 
designed according to the original reference memory protocol 



(Morris, 1981, 1984; Morris et al, 1982). Similar to other human 
MWM analogs (Jacobs et al., 1998; Astur et al, 2002) the task was 
shortened into 1 day protocol to test spatial learning and memory 
by monitoring the performance improvement in 1 1 consecutive 
trials (see Figure 3B). In the "first search" trial (Tl) the partic- 
ipants were instructed to find the hidden goal location on the 
arena floor by free exploration of the arena and to remember it for 
the following trials using the three orientation cues. In the follow- 
ing standard trials T2-T5 and T7-T10, displayed as four blocks of 
2 trials in Figures 3, 4, the subjects were required to look for the 
hidden goal repeatedly while starting from pseudo-randomized 
starting positions. One probe trial (T6) was inserted in the middle 
of the RM session in order to test the effect of extinction pro- 
cess as a sort of interference in the course of learning (inspired by 
the human learning tasks). This probe trial was aimed at memory 
precision and confidence (by evaluating the time spent in the goal 
proximity) while the goal was inactivated. The final CONTROL 
trial (Til) used the navigation toward the visible goal and served 
as a test of secondary effects generated by impairment of vision 
and motor abilities. 

Part II — Delayed-matching-to-place (DMP) session 

In order to prevent any transfer from the RM session, the color 
and the shape of the orientation cues were changed for the fol- 
lowing DMP session. The DMP session was designed as a working 
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FIGURE 4 I Reference Memory (RM) session group performance. (A) The 

pointing error (mean ± s.e.m) and (B) the path efficiency (mean ± s.e.m) 
measured in individual trials and/or blocks of trials. The probe trial T6 is not 



depicted in the path efficiency parameter, the control trial Til is marked by 
letter V (as displayed). HC — Healthy controls; SZ — first-episode schizophrenia 
patients. 



memory protocol constructed by combining two different ani- 
mal protocols for assessment of working memory adapted for 
humans. The DMP session consists of three consecutive phases 
(graphically depicted on Figure 3C): 

(1) The ACQUISITION phase involved 9 trials with the goal 
placed successively in three various positions (A, B, or C) in 
relation to three distal orientation cues. The goal was moved 
after each 3 trials (see Figure 3B). It was based on a modi- 
fied reversal protocol of the MWM, in which the goal position 
is changed over the days used to test mental flexibility (Lipp 
et al, 1998; Vorhees and Wilhams, 2006; Garthe et al, 2009; 
Lobellova et al, 2013) and/or working memory (Morris et al, 
1986). Unlike in rats, the change in goal position was sepa- 
rated not by days of testing but by an announcement to the 
subjects, in order to test their memory for spatial sequence 
(ABC) in the subsequent phases. 

(2) The RECALL phase together with the Acquisition phase rep- 
resents a modified version of the DMP paradigm (for review 
see Dudchenko, 2004; also in Morris et al., 1986; Steele and 
Morris, 1999; O'CarroU et al., 2006) designed for assessment 
of the working memory functions in rodents using delayed 
recall. Our task was designed to test spatial memory processes 
by evaluating the performance decline measured between 
the Acquisition and the Recall phase. To increase the diffi- 
culty and adapt the task for human participants, the task 
combined the DMP protocol applied in rats with the spa- 
tial sequence encoding in the Corsi Block Test (developed by 
Corsi in 1972) used in many variants to test spatial working 
memory in humans (Fischer, 2001). This modified protocol 
required them to retrieve the correct sequence of three goal 
positions (ABC) previously learned in the Acquisition trials 
and identify them successively (according to instructions) in 
two consecutive rounds (see Figure 3B). 

(3) The PROBE phase, involving 3 trials with inactivated goal 
position, was conducted directly after the Recall phase as 
a final third round of the spatial sequenced recall (see 
Figure 3B). The probe trials, with a removed hidden platform 
adopted from the animal studies, provide an important 



demonstration of memory processes in terms of spatial bias 
(Morris et al, 1982, 1990; Sutherland et al, 1983; Whishaw, 
1991). In rats probe trials are usually conducted in the 
reference memory protocols, but sometimes after reversal 
condition as well (Lobellova et al., 2013). 

MEASURED PARAMETERS AND DATA ANALYSIS 

Latency to find the goal and distance traveled to reach it are 
usually measured in standard trials in animals (for review see 
D'Hooge and De Deyn, 2001) and in human studies (Hanlon 
et al., 2006; Moffat, 2009; FoUey et al, 2010). In our study the 
latency parameter was not evaluated, since the decision about 
the correct goal position was already done while pointing to it. 
Therefore, we address the spatial performance in all trials except 
probes using the pointing accuracy later referred to as the pointing 
error. This parameter was recorded at the moment when the sub- 
ject stands on the starting position and points toward the hidden 
goal by pressing one of the gamepad keys. It was calculated as the 
absolute angular difference between the pointed and linear direc- 
tion toward the goal position and its value decreases with growing 
precision in pointing performance (see Figure 2E). The distance 
parameter expresses the navigation accuracy and it is referred to as 
path efficiency (abbr. path eff) with the range of 0-1. It was cal- 
culated as a ratio between the minimal possible path length (the 
actual distance between the start and the goal position) and the 
real distance traveled by the subject, using the following formula: 
path eff = pathmin/pathreai (see Figure 2E). Contrary to the stan- 
dard distance parameter its value increases with the precision of 
navigation and enables us a direct comparison between individual 
trials by considering the possible minimal distance. In addition, 
we measured two common parameters in all of the probe trials: 
goal quadrant preference calculated as a proportion of the overall 
trial time spent in the goal quadrant (arena quadrant containing 
the hidden goal in its center); and number of entrances calculated 
as number of crossings through the inactivated goal position. 

To analyze the data recorded in SpaNav, a custom-made PHP 
program called drf2track was used to produce primary data 
tables and trajectory pictures. Further statistical analysis was per- 
formed using the Statistica software (Statistica v.9, StatSoft, Czech 
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Republic). The group differences in the demographic variables 
(age, education level and gaming experience) are calculated using 
non-parametric Mann-Whitney U Test. Identical method was 
used to analyze the raw scores obtained in neuropsychological 
tests. The group and sex differences in individual parts of the 
vFGN task were calculated using the GLM repeated measure anal- 
ysis of variance with two categorical predictors (group x sex). 
Significant interactions were analyzed using a Newman-Keuls 
post-hoc test. A correlation analysis was performed separately for 
both groups between the age variable and the spatial performance 
of individual subjects averaged for individual parts of the vFGN 
task. The f-test for independent groups was used to compare the 
groups in a single visible goal trial and in a single probe trial in 
the RM session. The f-test for single means against a reference 
constant was used in order to show that the quadrant preference 
measured in probe trials is different from the chance level (0.25). 
The effect of clinical characteristics (age of illness onset, DUP, 
PANSS, and GAP scores and antipsychotic medication calculated 
in CPZ equivalents) on averaged performance in the vFGN task 
was calculated using forward stepwise multiple linear regression 
analysis (with F to enter set to 1.00 and F to remove to 0). The 
overall level of significance was set to 0.05. 

RESULTS 

The groups did not differ significantly in any of the demographic 
parameters, except the gaming experience, where patients showed 
to be more experienced than the healthy controls (see Table 1). 
As expected, group of patients showed significantly lower cog- 
nitive performance on all neuropsychological tests, except the 
forward Digital and Spatial Span task performance (see Table 1). 
The modification from 3D to 2D version of the Spatial Span could 
cause lower sensitivity of the test in comparison to other standard 
methods. Group differences measured in individual parts of the 
vFGN task are graphically depicted as performance curves for all 
of the evaluated parameters (see Figures 4—8). 

GROUP DIFFERENCES IN THE vFGN TASK 
RM session 

To analyze the group differences in the RM session a GLM analysis 
was performed with the group as one of the main factors (group 
X sex) and block (pairs of standard trials, see Figure 3A) as a 
repeated measure factor. This analysis showed impaired learning 



performance of the schizophrenia group in both measured 
parameters (see Figure 4). While a robust effect of the group fac- 
tor was identified in the pointing error parameter [-F(i,54) = 9.5; 
p < 0.01], a significant interaction (block x group) was found 
in path efficiency parameter [-F(3,i62) = 6.2; p < 0.001]. A post- 
hoc test on this interaction revealed that the groups differed in 
path eff (on level p < 0.01) in the second block of trials (T4 and 
T5). Interestingly, the navigation performance in healthy controls 
improved significantly in the beginning of training between the 
first two blocks of trials (p < 0.001), while in the group of patients 
similar improvement occurred later on after the completion of 
probe trial in the middle of the training (only blocks completed 
before the probe trial showed lower performance than blocks 
completed after the probe trial; p < 0.05). Block as repetition 
factor was significant in both tested parameters {p < 0.001). 

To compare the first search trial (Tl) of the RM session with 
the remaining standard trials, another GLM analysis was per- 
formed on individual trials. The interaction identified between 
the group and repetition trials was tested by the post-hoc test 
and revealed that Tl differed significantly from all of the follow- 
ing standard trials in the RM session (p < 0.05) in both of the 
measured parameters. This demonstrates fast learning of the goal 
position after one learning episode. 

One probe trial (T6) was inserted in the middle of the RM ses- 
sion (see Figure 5) to assess spatial memory by evaluating the goal 
quadrant preference. While the control subjects spent 75 ± 11% 
of the trial time in the correct arena quadrant, the mean value 
in the patients was only 57 ± 23%. The goal quadrant prefer- 
ence of both groups differed from the chance level (25%). The 
f-test revealed a main group effect in the goal quadrant prefer- 
ence [f{56) = 3.9, p < 0.001] but not in the number of entrances 
to the inactivated goal [f(56) = lA,p = 0.16]. 

The visible goal trial (Til, marked as V in Figure 4) used as 
a control of visuo-motor functioning at the end of the RM ses- 
sion showed minimal interpersonal variability. No group effect 
was revealed by the f-test for two independent samples in either 
of the parameters; in pointing error [f(56) = 0.57; p = 0.57] or in 
path eff parameter [f(56) = 0.09;p = 0.93]. 

DMP— ACQUISITION phase 

The main effect of the trial as repeated measures factor was 
found in the Acquisition phase of the DMP session (p < 0.001) 



RM probe - goal quadrant pref 




RM probe - entrances 




FIGURE 5 I Probe trial (trial T6) performance in the middle of RM session. (A) The goal quadrant preference (mean ± s.e.m) and (B) the number of entrances 
(mean ± s.e.m) into the inactivated goal position. Annotation: ***p < 0.001 group difference. HC, Healthy controls; SZ, first-episode schizophrenia patients. 
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tested using GLM analysis (group x sex) with repeated measures 
(goal X trial) (see Figure 6). The main group effect was found in 
the pointing accuracy for trials 2 and 3 [_F(i_ 54) = 7.8; p < 0.01]. 
The 1st search trials — ^Al, Bl, CI — representing the free explo- 
ration trials were excluded from the analysis as they represent 
random performance. However, no group differences were iden- 
tified in the path efficiency parameter, even the interaction effect 
(trial X group) only approached the significance level [_F(2, 108) = 
2.8, p — 0.068]. No other significant interactions were obtained 
from the analysis. 

DMP— RECALL phase 

The GLM analysis with repeated measures (round x goal) was 
used to analyze the performance in the two Recall rounds in 
comparison to the performance observed in the last Acquisition 
trials — A3, B3, and C3 (see Figure 7). The analysis performed 



on both Recall rounds showed significant group differences in 
both measured parameters, as a main effect in pointing error 
= 20.4; p < 0.001] and in path eff 54) = 9.9; p < 
0.01]. Interestingly, while the path efficiency parameter showed 
only main effect of round as repetition factor (p < 0.001), we 
identified an interaction effect (group x round) in the point- 
ing error [_F(2, 108) = 4.4; p < 0.05]. The post-hoc test on this 
interaction revealed that healthy controls showed stable per- 
formance over the DMP session (individual rounds did not 
differ in the group of healthy controls), but the schizophrenia 
group showed significant drop of performance after the time 
delay between the last trials of the Acquisition phase (trials 
3) and the first Recall round (p < 0.001). No differences have 
been identified between the two Recall rounds. Interestingly, 
no main effects or interactions of the goal position were 
identified. 
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FIGURE 6 I The performance of both groups in the Acquisition phase of 
the DMP session. The behavior is measured after three consecutive spatial 
changes, the hidden goal is placed in three possible goal positions (A, B, C), 
in different relationships to the orientation cues. Trials marked as Al , Bl , and 
CI required the subject to search for the hidden goal after announcement of 



the positional change. The next 2 trials required repeated search for the 
hidden goal. The behavior is shown in all 9 trials presented in the order 
applied during the Acquisition phase using the two following parameters: (A) 
The pointing error (mean ± s.e.m) and (B) the path efficiency (mean ± 
s.e.m). HC, Healthy controls; SZ, first-episode schizophrenia patients. 
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FIGURE 7 I Pointing and Navigation accuracy in the Recall phase of 
the DMP session in comparison to the performance in the 3rd trial of 
the Acquisition phase. (A) The pointing error (mean ± s.e.m) and (B) the 
path efficiency (mean ± s.e.m) measured in individual trials. Panels 1st 
Rec and 2nd Rec show the group performance in the two rounds of the 
Recall phase. Each round requires recalling the previously learned goal 



positions in the correct sequence (ABC). Gray area on the left (marked as 
3rd Acq) represents the performance achieved in the last (3rd) repetitions 
of each goal position (A3, 83, and C3) in the Acquisition phase. It 
illustrates the drop in behavioral performance due to time delay between 
the last Acquisition trial and the Recall phase. HC, Healthy controls; SZ, 
first-episode schizophrenia patients. 
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FIGURE 8 1 PROBE phase of the DMP session. (A) The goal 
quadrant preference (mean ± s.e.m) and (B) the number of 
entrances (mean ± s.e.m) into the inactivated goal position 
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presented separately for individual goal positions. Annotation: 

***p < 0.01 group difference. HC, Healthy controls: SZ, first-episode 

schizophrenia patients. 



Table 2 | Correlation analysis between the age variable and the performances averaged for individual parts of the vFGN task, analyzed 
separately for group of schizophrenia patients and healthy volunteers. 



Correlation analysis 



Averaged performance 



Age correlations 



Schizophrenia patients N = 29 
r (X,Y) t p 



Healthy Controls N = 29 
r(X.Y] t 



avgPath-RMI 


-0.48 


-2.83 


0.009 


0.10 


0.50 


0.62 


avgPoint-RMI 


0.14 


0.77 


0.456 


-0.20 


-1.04 


0.31 


avgPath-AcqDMP 


-0.38 


-2.12 


0.043 


-0.06 


-0.31 


0.76 


avgPoint-AcqDMP 


0.33 


1.82 


0.079 


0.10 


0.55 


0.59 


avgPath-RecDMP 


-0.49 


-2.95 


0.006 


0.01 


0.06 


0.95 


avgPoint-RecDMP 


0.42 


2.43 


0.022 


0.14 


0.76 


0.45 


avgQuadrant- ProbeDMP 


-0.36 


-2.01 


0.054 


0.01 


0.07 


0.95 


avgEntrances-ProbeDMP 


-0.49 


-2.92 


0.007 


-0.18 


-0.96 


0.35 



avgPath, averaged path efficiency performance; avgPoint, averaged pointing error; avgQuadrant, averaged goal quadrant preference; avgEntrances, averaged number 
of entrances to the goal; FIM1, first half of the RM session; AcqDMF! Acquisition phase of the DMP session; RecDMP Recall phase of the DMP session; ProbeDMP 
Probe phase of the DMP session; r (X, Y), correlation coefficient. 



DMP— PROBE phase 

The performance of both groups in the PROBE phase (conducted 
as the last repetition of the spatial sequence after the Recall ses- 
sion) is shown in Figure 8. Despite the fact that the performance 
of both groups differed from the chance level (0.25), the GLM 
analysis with goal as repetition factor identified significant group 
differences in the goal quadrant preference [f(i,54) = 16.9; p < 
0.001]. However, we found no differences between the individual 
goal positions. The performance in healthy controls shows that 
well-trained subjects search for all three goal positions most of the 
time in the correct quadrant of the arena, as can be seen in their 
goal quadrant preference of around 73 ± 18%. The averaged per- 
formance in the schizophrenia group is lower for all three goals 
(50 ± 23%). No significant group differences were identified in 
the number of entrances to the goal position. 

SEX AND AGE DIFFERENCES 

In order to show the possible effects of sex on spatial perfor- 
mance in the vFGN task, sex has been used as additional main 
factor in the GLM analysis (group x sex) with repeated measures 



performed on individual phases of the task. Interestingly, some 
sex differences have been observed in almost all parts of the 
task but exclusively only for the parameter of path efficiency. 
The main effect of sex was found significant only in the path 
efficiency in the RM session 54) = 4.2, p < 0.05]. Sex dif- 
ferences approached the significance level in the path efficiency 
measured in the Acquisition 54) = 3.6, p = 0.064] and the 
Recall phase 54) = 3.7, p = 0.06] of the DMP session. In 
all cases males showed superior performance in comparison to 
females. No differences have been observed either in the point- 
ing accuracy or in the quadrant preference measured in the probe 
trials. Importantly, no interaction of sex and group factor was 
observed. 

In order to analyze how the age of our participants had affected 
their performance in the vFGN task, we performed a correlation 
analysis. The spatial performance of individual participants was 
averaged for all trials in individual parts of the vFGN task and cor- 
related with the age variable, separately for group of patients and 
for healthy volunteers (see Table 2). The averaged path efficiency 
in the group of healthy volunteers negatively correlated with the 
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age of individual subjects in all parts of the task. Similarly, the 
averaged pointing error in the Recall phase and the number of 
entrances in the Probe phase was significantly affected by the age 
variable. Importantly, no such correlation was identified for the 
group of schizophrenia patients. 

REGRESSION MODEL OF CLINICAL VARIABLES EFFECT ON 
PERFORMANCE IN THE vFGN TASK 

From the set of the potential clinical and demographic factors 
that could contribute to the cognitive decline observed in the 
group of patients, the following predictors were added to the 
regression model (age, DUP, PANSS-P, PANSS-N, PANSS-G, 
GAP, and CPZ level) analyzing their effect on performance 
measured in the vFGN task (averaged separately for individual 
vFGN parts — RM session and three parts of the DMP session). 
A stepwise forward multiple regression analysis employed using 
these predictors only identified the following significant effects — 
positive effect of GAF score on spatial learning ability expressed 
as the averaged pointing accuracy (bcAF = —0.52; p < 0.05) 
and the navigation accuracy (bcAF = 0.49; p < 0.05) in the RM 
session. The full model was significant only for pointing accuracy 
(R = 0.57; = 32%; p = 0.045), but not for the path efficiency 
(R = 0.54; R^ = 30%; p = 0.06), both with GAF and DUP 
predictors added in 2 steps (all other predictors were removed). 
In the Recall DMP phase measured by the path efficiency, a 
significant effect of PANSS-G (bpANSS-G = 0.68; p < 0.05) and 
CPZ level (bcAF = 0.7; p < 0.05) was identified. The whole 
model, with non-significant DUP and PANSS-N as additional 
predictors added in the succeeding steps, was not significant 
(_R = 0.67; = 44%; p = 0.066). No other significant effects 
were found by applying this regression model. 

DISCUSSION 

Both parts of the newly developed virtual vFGN task demon- 
strated sufficient sensitivity toward the impairment of visuo- 
spatial functions identified in our schizophrenia patients using 
standard neuropsychological methods. First, it is important to 
discuss the sensitivity of the parameters measured in our study. 
The pointing error parameter has yet not been applied in similar 
studies, with the exception of the bearing error used to address 
spatial abilities in a virtual maze (Waller et al., 2001). This point- 
ing error parameter showed higher sensitivity toward behavioral 
impairment in schizophrenia than the path efficiency parameter. 
This finding indicates that the simple pointing paradigm could 
be used to assess spatial abilities separately. Possible explanation 
of different sensitivity of measured parameters is that the navi- 
gation accuracy (expressed in path eff) could be more affected 
by sex and age differences, connected to skill learning abilities. 
The common spatial bias parameter (Morris, 1984, 2008) calcu- 
lated as percentage of time in the correct arena quadrant was more 
sensitive toward the impairment in schizophrenia than the other 
applied parameter, the number of entrances to the goal. 

SPATIAL LEARNING PERFORMANCE IN THE RM SESSION 

The spatial performance measured during the RM session in 
our participants strengthen the idea of spatial learning impair- 
ment in schizophrenia demonstrated in other human studies 
(Hanlon et al., 2006; FoUey et al, 2010) and animal models 



of schizophrenia (Gorter and de Bruin, 1992; Latysheva and 
Rayevsky, 2003; Sircar, 2003; Stuchlik et al, 2004). We found 
decreased performance in the schizophrenia patients in both 
pointing and navigation accuracy to the goal. However, the nav- 
igation accuracy was decreased only in the first half of the RM 
session. 

We were able to demonstrate the continual improvement of 
performance in healthy controls during the whole RM session, 
expressed by the decreasing pointing error and path shorten- 
ing (growing path efficiency). This is in agreement with the 
evidence that the latency is shortened in animals during consec- 
utive RM sessions (D'Hooge and De Deyn, 2001; Mulder and 
Pritchett, 2003; Vorhees and Williams, 2006) and in RM blocks 
tested in human virtual analogs (Nadel et al., 1998; Leplow et al, 
2003). Similar continual improvement was present in our group 
of schizophrenia patients, but interestingly only in the point- 
ing accuracy. In agreement with another human study (Hanlon 
et al, 2006) the path efficiency of the schizophrenia group did 
not improve in the first half of the RM session (trial T2-T5). The 
discrepancy between these two measured parameters supports the 
idea that navigation performance could be divided into two dis- 
tinct parts (directional vs. place navigation in Hamilton et al., 
2008): (1) selection of direction to the goal at the beginning of the 
navigation process represented here by the pointing accuracy and 
(2) precise determination of goal position represented by the path 
efficiency. We assume that while the patients do improve in direc- 
tional navigation by remembering the approximate position of 
the goal (near a particular cue), they do not improve in direct nav- 
igation to the goal due to imprecise perception and memorizing 
of spatial information. 

This assumption is supported by the fact that the navigation 
accuracy improved after the insertion of a single probe trial (in the 
middle of the RM session) that could facilitate their motivation 
to focus on important spatial information due to the previous 
unsuccessful search. This finding supports our assumption that 
the measured spatial performance is affected by attention deficit 
measured using standard neuropsychological tests (TMT and 
Digit span, see Table 1). 

In addition, results obtained in the probe trial showed impair- 
ment of spatial bias in schizophrenia, in accordance to animal 
studies (Norris and Foster, 1999; Stuchlik et al, 2004). In rats, 
the probe test is known to start extinction process; we expected 
human subjects to respond similarly. The probe trial was therefore 
applied in the middle of the RM session as a form of interfer- 
ence (often used in learning tasks). Interestingly in animal studies 
only first half of the probe trial (first 30 s) shows group differences 
in rodent model of schizophrenia (e.g., Entlerova et al, 2013), as 
afterwards even the intact animals tend to leave the unrewarded 
position. However, due to the verbal instruction, our subjects 
tend to look for the goal during the whole trial. Despite these dif- 
ferences, the human analog of probe trial shows the same pattern 
as observed in the rodent model of the MWM; lower occupancy of 
the goal quadrant in the group of schizophrenia patients in com- 
parison to the healthy controls. On the other hand, the number of 
entrances parameter failed to show significant group differences. 
This discrepancy indicates that most of the subjects (from both 
groups) identified the correct goal position, but only the healthy 
controls tend to stay in the goal area. 



Frontiers in Beiiavioral Neuroscience 



www.frontiersin.org 



May 2014 | Volume 8 | Article 157 | 10 



Fajnerova et al. 



Spatial navigation in sclnizoplirenia — from animals to humans 



Importantly, the final visible goal trial showed that the 
impaired performance observed in the group of schizophrenia 
patients was not produced by locomotor or sensory deficits. This 
one-trial finding is in accordance with other human (Hanlon 
et al., 2006) and animal studies (e.g., Gorter and de Bruin, 1992; 
Vales et al., 2006), suggesting that the usual block (of several trials) 
procedure is not essential for demonstrating the control perfor- 
mance of navigation toward a visible goal. Taken together, our 
findings confirm the designed RM session as a useful tool for 
assessing visuo-spatial learning in schizophrenia. 

MENTAL FLEXIBILITY AND WORKING MEMORY PERFORMANCE IN THE 

DMP SESSION 

The ACQUISITION phase 

A major performance improvement in the Acquisition phase of 
the DMP session appeared immediately after the 1st search trial. 
Similar behavior was also observed in animal studies where only 
an improvement between the first and the second trial is present 
in well-trained animals in the DMP or reversal protocol (Garthe 
et al, 2009; Saab et al., 2011). Despite the observed group differ- 
ences in the pointing accuracy, the announcement of positional 
change to our participants was probably responsible for the low 
group differences in this part of vFGN task. In addition, in order 
to be able to compare the group performance in later recall of 
the spatial sequence regardless of individual goal positions, the 
goals were placed in identical positions (in the meaning of spa- 
tial relationship between the goal position and the orientation 
cues). Such settings could be a source of skill learning effect that 
could explain the lack of between-group differences observed in 
the navigation accuracy. Nevertheless, the low sensitivity of the 
reversal protocol toward the cognitive deficit in schizophrenia is 
in accordance with the animal studies that failed to find group dif- 
ferences after application of lower doses of MK-801 (Watson and 
Stanton, 2009; Lobellova et al., 2013). Interestingly, similar rever- 
sal protocol applied in the avoidance task on the rotating arena 
showed that the pre-training of animals in the task (as in our RM 
session) can lead to lack of group differences after application of 
MK-801 (Zemanova et al, 2013). 

Importantly, the performance of individual groups achieved in 
the Acquisition phase (in the last repetition of the goal positions 
A3, B3, and C3) did not differ between the three goal positions, 
enabling us to test the consecutive recall of this sequence after a 
time delay. 

The RECALL phase 

Our study was the first to demonstrate impairment in schizophre- 
nia patients using the analog of the DMP MWM protocol. Our 
results showed impaired recall of spatial sequence in schizophre- 
nia patients in both pointing and navigation accuracy. The work- 
ing memory performance was here expressed in the performance 
decrease observed after the time delay between the Acquisition 
phase and the first round of the Recall phase. The strong per- 
formance decline in the group of patients (but not in healthy 
controls) demonstrates the working and/or long-term memory 
deficit in schizophrenia. These findings are in agreement with the 
data obtained in animal models of schizophrenia using the DMP 
protocol (van der Staay et al, 2011). 



The PROBE phase 

We demonstrated the schizophrenia specific disturbance of spa- 
tial bias expressed as decreased goal quadrant preference in the 
PROBE trials completed in the end of the task. The observed 
behavioral impairment is similar to the observations of rats 
injected with dizocilpine or scopolamine in pharmacological 
screening models of schizophrenia and dementia, respectively 
(Entlerova et al, 2013; Lobellova et al, 2013), which exhibit 
disturbed performance in probe trials. Nevertheless, in most of 
the schizophrenia patients the observed probe trial performance 
was better than in rats after lesion of the hippocampus (Morris 
et al, 1982; Sutherland et al., 1983) performing by random search 
patterns. 

EFFECT OF DEMOGRAPHIC VARIABLES 

Based on the studies describing sex differences in spatial abil- 
ities of both rodents (e.g.. Roof and Stein, 1999; Cimadevilla 
et al, 2000) and humans (e.g., Astur et al., 1998, 2004), we 
expected to find similar effects in spatial abilities measured by 
the vFGN task. However, we identified significant sex differences 
only in learning abilities assessed in the RM session. In addition, 
sex differences have been observed exclusively for the navigation 
accuracy (path eff ) parameter. This fact and the lack of significant 
sex differences in other parts of the task suggest the following: 
(1) the simple circular environment prevents the usage of abil- 
ities found to be affected by sex (environmental geometry); (2) 
the directional information was gained similarly in males and 
females, yet females tend to use less precise trajectories when 
navigating toward the goal. This could be due to sex differences 
in motor skill learning; (3) the animal experiments done with 
pre-training in MWM protocol showed to exhibit smaller sex dif- 
ferences (Jonasson, 2005), as all the three goal positions have been 
placed in geometrically identical positions. The lack of interac- 
tion between sex and group factor in the measured parameters 
shows that the presented group effects are independent of the sex 
differences. 

According to the current literature describing negative effect 
of aging on spatial learning and memory processes (e.g., (Moffat 
and Resnick, 2002; Moffat, 2009)), we expected to find signifi- 
cant correlation between the age and spatial performance in the 
vFGN task, both during learning and recall of the spatial informa- 
tion. We confirmed this hypothesis as we observed age effects in 
all parts of the vFGN task in our healthy volunteers. Interestingly, 
such effect was fully suppressed in schizophrenia patients. This 
finding supports the idea that the observed cognitive decline 
is a characteristic pattern in schizophrenia disorder. This result 
is in contrary to the current meta-analysis (Rajji et al., 2009), 
which assumed a better prognosis and less expressed cognitive 
deficit in patients with a lower age of illness onset. However, our 
study describes the visuo-spatial deficit only in the early remission 
phase after the first psychotic episode; repeated assessment in the 
full remission could reveal a different pattern. 

EFFECT OF PSYCHIATRIC SYMPTOMS AND ANTIPSYCHOTIC 
MEDICATION 

One of the currently monitored clinical parameter is the DUP 
defined as the time from appearance of the first psychotic 
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symptom to the initiation of suitable antipsychotic treatment (for 
review see; Marshall et al., 2005). In accordance to a recently 
published follow-up study (Barnes et al., 2008), we found no 
significant effect of DUP. 

Current literature describes a strong association of cognitive 
functions and negative symptoms, but the absence of a posi- 
tive symptom effect on cognitive deficit in schizophrenia (e.g., 
Addington et al., 1991; Rossi et al., 1997). Interestingly, we found 
no significant effect of negative or positive symptoms on the per- 
formance in the vFGN task. However, we observed a strong con- 
nection between the GAF score and spatial learning performance 
in the RM session and effect of generalized symptoms in the Recall 
phase of the DMP session. These results demonstrate that high- 
functioning patients perform better in the cognitive tasks than 
the low-functioning individuals in the group of schizophrenia 
patients (Green et al., 2004). 

Older studies described negative effects of the first-generation 
antipsychotic treatment on the cognitive functioning in 
schizophrenia (Spohn and Strauss, 1989). On the contrary, 
the current studies addressing atypical antipsychotics reported 
slightly positive effects of some drugs on the cognitive functioning 
in schizophrenia patients (e.g., Meltzer and McGurk, 1999) and 
in an NMDA model of schizophrenia in rats (Bubenikova et al, 
2005). Interestingly, only the memory deficit found in the Recall 
phase of the DMP session was affected by the antipsychotic 
dosage calculated in CPZ equivalents in the navigation accuracy 
parameter. We did not find any other effect of the atypical 
antipsychotic treatment on the overall cognitive performance 
in the vFGN task. Nevertheless, our study was not aimed at 
individual antipsychotic compounds and this could distort the 
analysis. 

LIMITATIONS OF THE STUDY 

There are some limitations to the current study. Firstly, both ani- 
mal protocols (RM and DMP) were modified in order to test the 
human subjects, inducing possible behavioral changes. 

The lack of a strong reward motivation present in animal 
studies (escape from water reaching the platform) could change 
the motivation to higher performance in the task. However, we 
assume that our subjects had been motivated as they all voluntar- 
ily participated in the study. Moreover, in the group of patients, 
the vFGN task was performed in the time of neuropsychologi- 
cal assessment aimed to support the diagnostic process. We do 
believe that during this time period our patients were motivated 
toward higher performance in general. In addition, both groups 
judged the level of entertainment during the task similarly as aver- 
aged (not reported). Nevertheless, some positive reward could be 
applied in order to prevent possible lack of motivation in future 
studies. 

In order to enable fast assessment of our participants in 
only 1 day, the RM protocol could be considered too short to 
assess long-term memory processes. However, 1-day protocols are 
common in human studies testing learning abilities and long- 
term memory in standard tasks (such as verbal or non-verbal 
learning memory tasks) and in virtual MWMs that have been 
considered a valid human analogy of spatial RM in rats, and 
supported by both behavioral data (e.g., Jacobs et al, 1998) and 



dependence on hippocampal function (e.g., Astur et al, 2002; 
Goodrich-Hunsaker et al, 2009). 

Also the DMP session in our study is not fuUy comparable 
to the animal DMP protocol and was modified in the follow- 
ing three details: (1) The inter- trial interval was not controlled 
directly but was naturally formed by the number of trials included 
before the recall trial (6 trials for goal A, 4 for B and 2 for 
C); and (2) Positional changes applied in our study between 
acquisition and recall of the goal position are not usual in ani- 
mal studies; (3) The acquisition of the goal position (spatial 
sequence) was repeated for several (3) trials, as an analog to a 
reversal protocol, and due to that the spatial information could be 
retained in the long-term and not the working memory. Despite 
these modifications we were able to demonstrate that the results 
obtained in the individual phases of the vFGN task could be 
compared to the performance patterns obtained in the animal 
models. 

Secondly, despite the smaller number of participants in our 
study, we were able to demonstrate the deficit in spatial cogni- 
tion in schizophrenia group. However, matching of the healthy 
controls to the patients produced an unbalanced distribution in 
demographic variables, such as the two-peak age distribution 
in analyzed groups and variable age distribution in males and 
females caused by the typical age of the early and late onset of 
schizophrenia. 

Thirdly, it is important to note that the navigation perfor- 
mance of schizophrenia patient group observed in the vFGN task 
was not unitary and showed higher individual variability than the 
performance in the healthy control group. This variability could 
be partly produced by the early assessment of patients. Despite 
these limitations, our findings are supported by the results of 
studies describing variability of the cognitive deficit level mea- 
sured in individual first-episode schizophrenia patients (Keefe 
et al., 2005). In order to understand how the spatial performance 
was affected by the present attention or memory deficits, fur- 
ther analysis of the spatial performance measured in the vFGN 
task and its association to standard measures of cognitive deficit 
is required. A separate paper will be devoted to tracking the 
possible effects of demographic variables, gaming experiences 
and cognitive functioning in the group of healthy volunteers, in 
order to produce normative data for vFGN task performance (in 
preparation). 

CONCLUDING REMARKS 

The novel vFGN task covered several MWM protocols in a single 
task and was sensitive toward the impairment of spatial navi- 
gation performance, which was observed in nearly all parts of 
the designed battery. Our results documented strong parallels 
between the real animal MWM and the presented virtual ana- 
log for humans. Therefore, this novel computer task could serve 
as a useful method of preclinical trials for assessment of spa- 
tial behavior and complex cognitive processes in schizophrenia. 
According to the animal studies, we propose that the vFGN task 
could be used to assess spatial learning, attention, mental flexi- 
bility and spatial working and/or long-term memory processes in 
three-dimensional space. Future work should confirm the validity 
of the individual parts of the designed task using a simultaneous 
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examination of the related cognitive functions by standardized 
neuropsychological methods. 

FUTURE DIRECTIONS 

The data presented in this paper demonstrated the sensitivity of 
the vFGN task toward the cognitive deficit in the first episodes of 
schizophrenia, confirmed by standard neuropsychological meth- 
ods. We do believe that the vFGN task assessing complex visuo- 
spatial behavior could serve as an ecologically valid screening 
method more sensitive toward the future course of iUness in 
individual patients than the standard methods measuring sin- 
gle cognitive functions. In order to test this sensitivity, a second 
assessment session takes place 1 year later in the same patients. 
This time delay is used to evaluate possible cognitive deficit per- 
sisting in our patients after the fuU remission of symptoms or 
due to potential relapse of the illness. Longitudinal data reveal- 
ing the trajectory of vFGN performance during the course of 
schizophrenia are needed. 

AUTHOR CONTRIBUTIONS 

Mabel Rodriguez and Iveta Fajnerova designed the study and 
together with Kamil Vlcek wrote the original protocol. Jifi 
Horacek refined the protocol. Iveta Fajnerova and Kamil Vlcek 
prepared the VR experiment. Iveta Fajnerova, David Levcik and 
Lucie Konradova recruited the participants, performed the behav- 
ioral and neuropsychological testing and Pavol Mikolas collected 
the clinical data. Cyril Brom and his students provided all VR 
software used in the study. Iveta Fajnerova and Kamil Vlcek 
processed the data and undertook the statistical analysis. Mabel 
Rodriguez, KamU Vlcek and lifi Horacek supervised the study. 
Iveta Fajnerova wrote the first draft of the manuscript. lifi 
Horacek, Ales Stuchlik and KamU Vlcek contributed to data inter- 
pretation. All of the authors discussed the results and contributed 
to the final version of the paper and have approved it. 

ACKNOWLEDGMENTS 

We are grateful first of all to Prof Jan Bures^ and Vera 
Bubenikova-Valesova for their scientific inspiration and valuable 
advice at the beginning of the project. We would like to thank 
the reviewers that helped improve the quality of the manuscript. 
We thank Karolina Dvorska, Martina Ungrmanova, Filip Spaniel 
and his ESO team members for their assistance in the collection 
of clinical data. We would like to thank Zbynek Krulich for VE 
design and Michal Bida for his modifications to the SpaNav soft- 
ware. The study was supported mainly by IGA MZ CR grant No. 
NT13386 and partially by projects No. NT14291 and NT13843. 
The institutional support from the Academy of Sciences of the 
CR (RVO: 67985823) and from the Prague Psychiatric Center by 
MH CZ - DRO (PCP 00023752) covered the salaries and other 
institutional costs. 

REFERENCES 

Addington, J., Addington, D., and Maticka-Tyndale, E. {1991). Cognitive function- 
ing and positive and negative symptoms in schizophrenia. Schizophr. Res. 5, 
123-134. doi: 10.1016/0920-9964(91)90039-1 

Andreasen, N. C. (1999). A unitary model of schizophrenia: bleuler's fragmented 
phrene as schizencephaly. Arch. Gen. Psychiatry 56, 781-787. doi: 10.1001/arch- 
psyc.56.9.781 



Andreasen, N. C, Pressler, M., Nopoulos, P., Miller, D., and Ho, B. C. (2010). 
Antipsychotic dose equivalents and dose-years: a standardized method for 
comparing exposure to different drugs. Biol. Psychiatry 67, 255-262. doi: 
10.1016/j.biopsych.2009.08.040 

Astur, R. S., Ortiz, M. L., and Sutherland, R. J. (1998). A characterization of perfor- 
mance by men and women in a virtual Morris water task: a large and reliable sex 
difference. Behav. Brain Res. 93, 185-190. doi: 10.1016/50166-4328(98)00019-9 

Astur, R. S., Taylor, L. B., Mamelak, A. N., Philpott, L., and Sutherland, R. J. 
(2002). Humans with hippocampus damage display severe spatial memory 
impairments in a virtual Morris water task. Behav. Brain Res. 132, 77-84. doi: 
10.1016/S0166-4328(01)00399-0 

Astur, R. S., Tropp, J., Sava, S., Constable, R. T., and Markus, E. J. (2004). 
Sex differences and correlations in a virtual Morris water task, a virtual 
radial arm maze, and mental rotation. Behav. Brain Res. 151, 103-115. doi: 
10.1016/j.bbr.2003.08.024 

Barnes, T. R., Leeson, V. C, Mutsatsa, S. H., Watt, H. C, Hutton, S. B., and Joyce, E. 
M. (2008). Duration of untreated psychosis and social function: 1-year follow- 
up study of first-episode schizophrenia. Br. J. Psychiatry 193, 203-209. doi: 
10.1192/bjp.bp.l08.049718 

Bohbot, V. D., Kalina, M., Stepankova, K., Spackova, N., Petrides, M., and Nadel, L. 
(1998). Spatial memory deficits in patients with lesions to the right hippocam- 
pus and to the right parahippocampal cortex. Neuropsychologia 36, 1217-1238. 
doi: 10.1016/80028-3932(97)00161-9 

Bubenikova, V., Votava, M., Horacek, J., Palenicek, T., and Dockery, C. (2005). 
The effect of zotepine, risperidone, clozapine and olanzapine on MK-801- 
disrupted sensorimotor gating. Pharmacol. Biochem. Behav. 80, 591-596. doi: 
10.1016/j.pbb.2005.01.012 

Bubenikova-Valesova, V., Horacek, J., Vrajova, M., and Hoschl, C. (2008). 
Models of schizophrenia in humans and animals based on inhibi- 
tion of NMDA receptors. Neurosci. Biohehav. Rev. 32, 1014-1023. doi: 
10.1016/j.neubiorev.2008.03.012 

Cimadevilla, J. M., Fenton, A. A., and Bures, J. (2000). Continuous place avoid- 
ance task reveals differences in spatial navigation in male and female rats. Behav. 
Brain Res. 107, 161-169. doi: 10.1016/S0166-4328(99)00128-X 

de Vignemont, E, Zalla, T., Posada, A., Louvegnez, A., Koenig, O., Georgieff, N., 
et al. (2006). Mental rotation in schizophrenia. Conscious. Cogn. 15, 295-309. 
doi: 10.1016/j.concog.2005.08.001 

D'Hooge, R., and De Deyn, P. P. (2001). Applications of the Morris water maze in 
the study of learning and memory. Brain Res. Brain Res. Rev. 36, 60-90. doi: 
10.1016/S0165-0173(01)00067-4 

Dudchenko, P. A. (2004). An overview of the tasks used to test work- 
ing memory in rodents. Neurosci. Biohehav. Rev. 28, 699-709. doi: 
10.1016/j.neubiorev.2004.09.002 

Elvevag, B., and Goldberg, T. E. (2000). Cognitive impairment in schizophre- 
nia is the core of the disorder. Crit. Rev. Neurohiol. 14, 1-21. doi: 
10.161 5/CritRe vNeurobiol.v 14.i 1 . 1 0 

Entlerova, M., LobeUova, V., Hatalova, H., Zemanova, A., Vales, K., and Stuchlik, 
A. (2013). Comparison of Long-Evans and Wistar rats in sensitivity to cen- 
tral cholinergic blockade with scopolamine in two spatial tasks: an active 
place avoidance and the Morris water maze. Physiol. Behav. 120, 11-18. doi: 
10.1016/j.physbeh.2013.06.024 

Eischer, M. H. (200 1 ) . Probing spatial working memory with the Corsi Blocks task. 
Brain Cogn. 45, 143-154. doi: 10.1006/brcg.2000.1221 

EoUey, B. S., Astur, R., Jagannathan, K., Calhoun, V. D., and Pearlson, G. D. 
(2010). Anomalous neural circuit function in schizophrenia during a vir- 
tual Morris water task. Neuroimage 49, 3373-3384. doi: 10.1016/j.neuroimage. 
2009.11.034 

Garthe, A., Behr, J., and Kempermann, G. (2009). Adult- generated hippocampal 
neurons allow the flexible use of spatially precise learning strategies. PLoS ONE 
4:e5464. doi: 10.1371/journaLpone.0005464 

Goodrich-Hunsaker, N. J., Livingstone, S. A., Skelton, R. W., and Hopkins, R. O. 
(2009). Spatial deficits in a virtual water maze in amnesic participants with 
hippocampal damage. Hippocampus 119, 1307-1315. doi: 10. 1002/hipo. 20651 

Gorter, J. A., and de Bruin, J. P. (1992). Chronic neonatal MK-801 treatment results 
in an impairment of spatial learning in the adult rat. Brain Res. 580, 12-17. doi: 
10.1016/0006-8993(92)90921-U 

Green, M. R, Kern, R. S., and Heaton, R. K. (2004). Longitudinal studies of cog- 
nition and functional outcome in schizophrenia: implications for MATRICS. 
Schizophr. Res. 72, 41-51. doi: 10.1016/j.schres.2004.09.009 



Frontiers in Behavioral Neuroscience 



www.frontiersin.org 



May 2014 | Volume 8 | Article 157 | 13 



Fajnerova et al. 



Spatial navigation in schizophrenia — from animals to humans 



Hamilton, D. A., Akers, K. G., Johnson, T. E., Rice, J. P., Candelaria, F. T., 
Sutherland, R. J., et al. (2008). The relative influence of place and direction 
in the Morris water task. /. Exp. Psychol. Anim. Behav. Process. 34, 31-53. doi: 
10.1037/0097-7403.34.1.31 

Hanlon, F. M., Weisend, M. P., Hamilton, D. A., Jones, A. P., Thoma, R. J., 
Huang, M., et al. (2006). Impairment on the hippocampal-dependent vir- 
tual Morris water task in schizophrenia. Schizophr. Res. 87, 67—80. doi: 
10.1016/j.schres.2006.05.021 

Jacobs, L. R, Thomas, K. G. R, Laurance, H. E., and Nadel, L. (1998). Place learning 
in virtual space II: topographical relations as one dimension of stimiUus control. 
Learn. Motiv. 29, 288-308. doi: 10.I006/lmot.I998.I008 

Jonasson, Z. (2005). Meta-analysis of sex differences in rodent models of learning 
and memory: a review of behavioral and biological data. Neurosci. Biobehav. 
Rev. 28, 811-825. doi: 10.1016/j.neubiorev2004.10.006 

Jones, S. H., Thornicroft, G., Coffey, M., and Dunn, G. (1995). Abrief mental healfli 
outcome scale-reliability and validity of the Global Assessment of Functioning 
(GAP). Br }. Psychiatry 166, 654-659. doi: 10.1192/bjp.I66.5.654 

Kay, S. R., Fiszbein, A., and Opler, L. A. (1987). The positive and negative syn- 
drome scale (PANSS) for schizophrenia. Schizophr. Bull. 13, 261-276. doi: 
10.1093/schbul/13.2.261 

Keefe, R. S., Eesley, C. E., and Poe, M. P. (2005). Defining a cognitive 
function decrement in schizophrenia. Biol. Psychiatry 57, 688-691. doi: 
10.1016/j.biopsych.2005.01.003 

Laczo, J., Andel, R., Vyhnalek, M., Vlcek, K., Magerova, H., Varjassyova, A., et al. 
(2010). Human analogue of the Morris water maze for testing subjects at risk of 
Alzheimer's disease. Neurodegener. Dis. 7, 148-152. doi: 10.1159/000289226 

Landgraf, S., Krebs, M. O., Olie, J. P., Committeri, G., van der, M. E., 
Berthoz, A., et al. (2010). Real world referencing and schizophrenia: are 
we experiencing the same reality? Neuropsychologia 48, 2922—2930. doi: 
10.I0I6/j.neuropsychologia.20I0.05.034 

Latysheva, N. V., and Rayevsky, K. S. (2003). Chronic neonatal N-methyl-D- 
aspartate receptor blockade induces learning deficits and transient hypoactivity 
in young rats. Prog. Neuropsychopharmacol. Biol Psychiatry 27, 787-794. doi: 
10.1016/50278-5846(03)001 10-6 

Leplow, B., Lehnung, M., Pohl, J., Herzog, A., Ferstl, R., and Mehdorn, M. 
(2003). Navigational place learning in children and young adults as assessed 
with a standardized locomotor search task. Br. J. Psychol. 94, 299-317. doi: 
10.1348/000712603767876244 

Lipp, H. P., Stagliar-Bozicevic, M., Fischer, M., and Wolfer, D. P. (1998). A 2-year 
longitudinal study of swimming navigation in mice devoid of the prion protein: 
no evidence for neurological anomalies or spatial learning impairments. Behav. 
Brain Res. 95, 47-54. doi: 10.1016/S0166-4328(97)00209-X 

Lobellova, V., Entlerova, M., Svojanovska, B., Hatalova, H., Prokopova, I., Petrasek, 
T., et al. (2013). Two learning tasks provide evidence for disrupted behavioural 
flexibility in an animal model of schizophrenia-like behaviour induced by 
acute MK-801: a dose-response study. Behav. Brain Res. 246, 55-62. doi: 
10.IOI6/j.bbr.2013.03.006 

Marshall, M., Lewis, S., Lockwood, A., Drake, R., Jones, P., and Croudace, T. (2005). 
Association between duration of untreated psychosis and outcome in cohorts of 
first-episode patients: a systematic review. Arch. Gen. Psychiatry 62, 975—983. 
doi: lO.lOOl/archpsyc.62.9.975 

Meltzer, H. Y., and McGurk, S. R. (1999). The effects of clozapine, risperidone, and 
olanzapine on cognitive function in schizophrenia. Schizophr. Bull. 25, 233-255. 
doi: I0.1093/oxfordjournals.schbul.a033376 

Meyers, J. E., and Meyers, K. R. (1995). Rey Complex Figure Test and Recognition 
Trial. Lutz, EL: Psychological Assessment Resources. 

Moffat, S. D. (2009). Aging and spatial navigation: what do we know and where do 
we someuropsychol. Rev. 19, 478^89. doi: 10.1007/sll065-009-9120-3 

Moffat, S. D., and Resnick, S. M. (2002). Effects of age on virtual environment place 
navigation and allocentric cognitive mapping. Behav. Neurosci. 116, 851-859. 
doi: 10.1037/0735-7044.116.5.851 

Morris, R. (1984). Developments of a water-maze procedure for studying spa- 
tial learning in the rat. /. Neurosci. Methods 11, 47-60. doi: 10.1016/0165- 
0270(84)90007-4 

Morris, R. G., Garrud, R, Rawlins, J. N., and O'Keefe, J. (1982). Place naviga- 
tion impaired in rats with hippocampal lesions. Nature 297, 681-683. doi: 
10.1038/29768Ia0 

Morris, R. G., Hagan, J. J., and Rawlins, J. N. (1986). Allocentric spatial learn- 
ing by hippocampectomised rats: a further test of the spatial mapping and 



working memory theories of hippocampal function. Q. /. Exp. Psychol. B 38, 
365-395. 

Morris, R. G., Schenk, F., Tweedie, F, and Jarrard, L. E. (1990). Ibotenate 
lesions of hippocampus and/or subiculum: dissociating components of 
allocentric spatial learning. Eur. J. Neurosci. 2, 1016-1028. doi: 10.1111/j.l460- 
9568.1990.tb000I4.x 

Morris, R. G. M. (1981). Spatial localization does not require the presence of local 
cues. Learn. Motiv. 12, 239-261. doi: 10.1016/0023-9690(81)90020-5 

Morris, R. G. M. (2008). Morris water maze. Scholarpedia 3:6315. doi: 
1 0.4249/scholarpedia.63 15 

Mueller, S. C, Jackson, C. P., and Skelton, R. W. (2008). Sex differences in a vir- 
tual water maze: an eye tracking and pupillometry study. Behav. Brain Res. 193, 
209-215. doi: IO.I0I6/j.bbr.2008.O5.017 

Mulder, G. B., and Pritchett, K. (2003). The Morris water maze. Contemp. Top. Lab. 
Anim. Sci. 42, 49-50. 

Nadel, L., Thomas, K. G. R, Laurance, H. E., Skelton, R., Tal, T., and Jacobs, W. 
J. (1998). Human place learning in a computer generated arena. Lect. Notes 
Comput. Sci. 1404, 399^28. doi: I0.1007/3-540-69342-4_19 

Norris, C. M., and Foster, T. C. (1999). MK-801 improves retention in aged 
rats: implications for altered neural plasticity in age-related memory deficits. 
Neurobiol. Learn. Mem. 71, 194-206. doi: 10.1006/nlme.l998.3864 

O'CarroU, C. M., Martin, S. J., Sandin, J., Frenguelli, B., and Morris, R. G. 
(2006). Dopaminergic modulation of the persistence of one-trial hippocampus- 
dependent memory. Learn. Mem. 13, 760-769. doi: 10.1 101/hn.321006 

Overman, W. H., Pate, B. J., Moore, K., and Peuster, A. (1996). Ontogeny of 
place learning in children as measured in the radial arm maze, Morris search 
task, and open field task. Behav. Neurosci. 110, 1205-1228. doi: 10.1037/0735- 
7044. 1 10.6. 1205 

PEBL. (2012). The Psychology Experiment Building Language. (Version 0.12, Test 
Battery 0.7). Michigan Technological University. Available online at: http://pebl. 
sourceforge.net/battery.html 

Piskulic, D., Giver, J. S., Norman, T. R., and Maruff P. (2007). Behavioural studies 
of spatial working memory dysfunction in schizophrenia: a quantitative litera- 
ture review. Psychiatry Res. 150, 111-121. doi: I0.I0I6/j.psychres.2006.03.018 

Pratt, J., Winchester, C, Dawson, N., and Morris, B. (2012). Advancing schizophre- 
nia drug discovery: optimizing rodent models to bridge the translational gap. 
Nat. Rev. DrugDiscov. 11, 560-579. doi: 10.1038/nrd3649 

Preiss, M. (1997). Trail Making test Pro Deti a Dospele. Manual. Bratislava: 
Psychodiagnostika. 

Rajji, T. K., Ismail, Z., and Mulsant, B. H. (2009). Age at onset and cog- 
nition in schizophrenia: meta-analysis. Br. J. Psychiatry 195, 286-293. doi: 
10.1192/bjp.bp.l08.060723 

Reichenberg, A., Harvey, P. D., Bowie, C. R., Mojtabai, R., Rabinowitz, J., Heaton, 
R. K., et al. (2009). Neuropsychological function and dysfunction in schizophre- 
nia and psychotic affective disorders. Schizophr. Bull. 35, 1022—1029. doi: 
10.1093/schbul/sbn044 

Reitan, R. M., and Wolfson, D. (1993). The Lialstead-Reitan Neuropsychological 
Test battery: Theory and Clinical Interpretation. 2nd edn. Tuscon, AZ: 
Neuropsychology Press. 

Rodriguez, P. F. (2010). Human navigation that requires calculating heading vectors 
recruits parietal cortex in a virtual and visually sparse water maze task in tMRI. 
Behav. Neurosci. 124, 532-540. doi: I0.I037/a002023I 

Roof R. L., and Stein, D. G. (1999). Gender differences in Morris water maze 
performance depend on task parameters. Physiol Behav. 68, 81—86. doi: 
1 0. 10 16/S003 1 -9384(99)00 162-6 

Rossi, A., Mancini, R, Stratta, P., Mattel, R, Gismondi, R., Pozzi, R, et al. (1997). 
Risperidone, negative symptoms and cognitive deficit in schizophrenia: an 
open study. Acta Psychiatr. Scand. 95, 40^3. doi: lO.llll/j.1600-0447.1997. 
tb00371.x 

Saab, B. J., Luca, R. M., Yuen, W. B., Saab, A. M., and Roder, J. C. (201 1). Memantine 
affects cognitive flexibility in the Morris water maze. /. Alzheimers. Dis. 27, 
477-482. doi: 10.3233/JAD-2011-110650 

Sircar, R. (2003). Postnatal phencyclidine-induced deficit in adult water maze per- 
formance is associated with N-methyl-D-aspartate receptor upregulation. Int. J. 
Dev. Neurosci. 21, 159-167. doi: 10.1016/S0736-5748(03)00026-l 

Skolimowska, J., Wesierska, M., Lewandowska, M., Szymaszek, A., and Szelag, E. 
(201 1). Divergent effects of age on performance in spatial associative learn- 
ing and real idiothetic memory in humans. Behav. Brain Res. 218, 87-93. doi: 
10.1016/i.bbr.2010.11.035 



Frontiers in Behavioral Neuroscience 



www.frontiersin.org 



May 2014 | Volume 8 | Article 157 | 14 



Fajnerova et al. 



Spatial navigation in schizopfirenia — ^from animals to humans 



Spohn, H. E., and Strauss, M. E. (1989). Relation of neuroleptic and anticholiner- 
gic medication to cognitive functions in schizophrenia. /. Abnorm. Psychol. 98, 
367-380. doi: 10.1037/0021-843X.98.4.367 

Steele, R. J., and Morris, R. G. (1999). Delay-dependent impairment of a matching- 
to-place task with chronic and intrahippocampal infusion of the NMDA- 
antagonist D-AP5. Hippocampus 9, 118-136. 

Stepankova, K., Pastalkova, E., Kalova, E., Kalina, M., and Bures, ). (2003). A battery 
of tests for quantitative examination of idiothetic and allothetic place navi- 
gation modes in humans. Bchav. Brain Res. 147, 95-105. doi: 10.1016/80166- 
4328(03)00141-4 

Stepankova, K., Pastalkova, E., Kaminsky, Y., Fenton, A. A., and Bures, J. (1999). 
Allothetic and idiothetic navigation in healthy young humans. Physiol. Res. 48, 
123. 

Stuchlik, A., Rezacova, L., Vales, K., Bubenikova, V., and Kubik, S. (2004). 
Application of a novel Active Allothetic Place Avoidance task (AAPA) in test- 
ing a pharmacological model of psychosis in rats: comparison with the Morris 
Water Maze. Neurosri. Lett. 366, 162-166. doi: 10.1016/j.neulet.2004.05.037 

Supalova, I. (2009). Orientace v Prostoru Zkoumana ve Virtudlnt Realite. 
(Adaptation Of Spatial Navigation Tests To Virtual Reality). Charles University 
in Prague. 

Sutherland, R. J., Whishaw, I. Q., and Kolb, B. (1983). A behavioural analysis of 
spatial localization following electrolytic, kainate- or colchicine-induced dam- 
age to the hippocampal formation in the rat. Behav. Brain Res. 7, 133-153. doi: 
10.1016/0166-4328(83)90188-2 

Vales, K., Bubenikova- Valesova, V., Klement, D., and Stuchlik, A. (2006). Analysis 
of sensitivity to MK-801 treatment in a novel active allothetic place avoidance 
task and in the working memory version of the Morris vvaLer maze reveals dif- 
ferences between Long-Evans and Wistar rats. Neurosei. Res. 55, 383-388. doi: 
10.1016/j.neures.2006.04.007 

van der Staay, E )., Rutten, K., Erb, C, and Blokland, A. (2011). Effects of the cogni- 
tion impairer MK-801 on learning and memory in mice and rats. Behav. Brain 
Res. 220, 215-229. doi: 10.1016/j.bbr201 1.01.052 

Vorhees, C. V, and Williams, M. T. (2006). Morris water maze: procedures for 
assessing spatial and related forms of learning and memory. Nat. Protoc. 1, 
848-858. doi: 10.1038/nprot.2006.116 

Waller, D., Knapp, D., and Hunt, E. (2001). Spatial representations of virtual mazes: 
the role of visual fideUty and individual differences. Hum. Factors. 43, 147-158. 
doi: 10.1518/001872001775992561 

Watson, D. J., and Stanton, M. E. (2009). Intrahippocampal administration of 
an NMDA-receptor antagonist impairs spatial discrimination reversal learning 



in weanling rats. Neurobiol. Learn. Mem. 92, 89-98. doi: 10.1016/i.nlm.2009. 
02.005 

Wechsler, D. (1997a). Wechsler Adult Intelligence Scale-LIL San Antonio, TX: The 
Psychological Corporation. Czech translation by Hogrefe-Testcentrum, Praha 
2010. 

Wechsler, D. (1997b). Manual for the Wechsler Memory Scale-Ill. San Antonio, TX: 
Psychological Corporation. Czech translation by Psychodiagnostika, Bratislava 
1999. 

Weniger, G., and Irle, E. (2008). AUocentric memory impaired and egocentric 
memory intact as assessed by virtual reality in recent-onset schizophrenia. 
Schizophr. Res. 101, 201-209. doi: 10.1016/j.schres.2008.01.011 

Whishaw, I. Q. (1991). Latent learning in a swimming pool place task by rats: evi- 
dence for the use of associative and not cognitive mapping processes. Q. /. Exp. 
Psychol. B 43, 83-103. 

Woods, S. W. (2003). Chlorpromazine equivalent doses for the newer atypical 
antipsychotics. /. Clin. Psychiatry 64, 663-667. doi: 10.4088/ICRv64n0607 

Zemanova, A., Stankova, A., LobeUova, V., Svoboda, )., Vales, K., Vlcek, K., et al. 
(2013). Visuospatial working memory is impaired in an animal model of 
schizophrenia induced by acute MK-801: an effect of pretrarning. Pharmacol. 
Biochem. Behav. 106, 117-123. doi: 10.1016/j.pbb.2013.03.014 

Conflict of Interest Statement: The Review Editor, Malgorzata Juhta Wesierska, 
declares that, despite having collaborated with Ales Stuchlik, that the review pro- 
cess was handled objectively. The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest. 

Received: 29 December 2013; accepted: 16 April 2014; published online: 27 May 2014. 
Citation: Fajnerova /, Rodriguez M, Levcik D, Konrddovd L, Mikolds P, Brom C, 
Stuchlik A, Vlcek K and Hordcek J (2014) A virtual reality task based on ani- 
mal research - spatial learning and memory in patients after the first episode of 
schizophrenia. Front. Behav. Neurosci. 8:157. doi: 10.3389/fnbeh.2014.00157 
This article was submitted to the journal Frontiers in Behavioral Neuroscience. 
Copyright © 2014 Fajnerova, Rodriguez, Levcik, Konrddovd, Mikolds, Brom, 
Stuchlik, Vlcek and Hordcek. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License (CC BY). The use, distribution or repro- 
duction in other forums is permitted, provided the original author(s) or licensor are 
credited and that the original publication in this journal is cited, in accordance with 
accepted academic practice. No use, distribution or reproduction is permitted which 
does not comply with these terms. 



Frontiers in Beliavioral Neuroscience 



www.frontiersin.org 



May 2014 | Volume 8 | Article 157 | 15 



